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Why do we care?
World Net Electricity Generation by Fuel (trillion 
kilowatt-hours)
Source: US Energy Information Administration, 
Electric Power Monthly, Table 1.1 (March 2011), 
preliminary data.
U.S Net Electricity Generation by Fuel, 2010
Source: US Energy Information Administration, International 
Energy Outlook 2010 – Highlights
  
MILD: Moderate and Intensive Low oxygen Diluted
Standard Combustion Flameless Combustion
  
Flameless vs. Flame
In flameless mode, reactions take place at temperatures above 
the self-ignition temperature, in a distributed large volume 
instead of being concentratedinto a thin, highly convoluted and 
stretched flame front . With flameless combustion, there is no 
flame front, no visible flame, no UV or ionisation detection, and 
no noise or roar. This translates into: 
- higher combustion efficiency (~30%) 
- more homogeneous temperature distribution 
- reduced thermal stress for the burner
- reduction in nitrogen oxide emissions (ten times less)
- reduction  in soot
  
Macchi Mars I: what we had
  
Aim
To simulate the compressible reacting flow field in the boiler by 
combining HPC and a state of the art CFD solver.
To validate the simulation by comparison with the data provided 
by the manufacturer.
Identify a process to implement to have a detaliled description of 
the behaviour of the burner in the furnace (problem breakdown).
  
How we did proceed
  
How is an industrial burner for boilers made?
  
Macchi Mars I: What we had.
Natural Gas Flow Rate: 3650 Nm3/h
Natural Gas Density: 0.8 kg/Nm3
Pressure Drop at  Collector: 1.2 barg
Air Flow Rate: 48 Tons/h
Air Flow Temperature: 37°C
O2 dry analysis: 2.5%
Flue Out Temperature: 1200°C
Simulated mixture (in volume):
Methane CH4 85%,
Ethane    C2H6 6%, 
Nitrogen  N2 9%.
  
 CAD model of the burner from 2D sketches
  
Injection system and recirculation 
  
Simplified geometry to study the injection system
200000 cells
RANS Steady State 
Realizable k-epsilon
Non Reacting 
  
Under expanded exit of the natural gas at the nozzle
  
 Reacting Flow + Radiation Modeling for a single lance
260000 cells
RANS Steady State (k-epsilon)
Single step global reactions
Hybrid EBU (mixed is burned + kinetics)
Participating Media Radiation, OPL=4.2m
gray gas (emissivity is constant for all the wavelength)
Radiation accounts for 80% of the Heat Flux!
  
 Reacting Flow + Radiation Modeling for a single lance
  
 Reacting Flow + Radiation + Gravity (Half Furnace)
  
Half Furnace: Mass and Energy Balance
2.5% on 
dry basis! 
  
Reacting Flow + Heat Exchange + Gravity + Nox (Furnace)
  
Furnace: Mass and Energy Balance
Boiler 30MWth! 
  
 Nox Emission
“MACCHI BOILERS and BURNERS, thanks to new Burner technology, have achieved successful
operation handed over a Boiler rated 335 t/h, 28 barA, 235°C with NOx emissions certified at 14
ppm at Ras Abu Fontas, Qatar” (SOFINTER-Website)
Our result: at the stack ~ 1 ppm
  
 Flue Gas Recirculation
Our result for the single injector with air at 1200K: T= 510K
  
 Flue Gas Recirculation Temperature
Temperature stratification due to gravity effects at flue 
recirculation inlet: ΔT~30K 
  
Transient (URANS & DES)
But time of residency in the furnance ~ 14 s! 
  
  
Streamlines.avi
The movie shows the flow strealmlines coloured with 
temperature scalars  for a steady state RANS simulation. 
Highest temperatures in red.
Movie 1: Streamlines 
  
Pressurewave.avi
The movie shows the pressure waves propagating in the 
lances due to the injection of the natural gas.
 
URANS simulation. Time step 1 ms. 
Iso-Q surfaces coloured with O2 mass fraction. 
Movie 2: Pressure Waves in the Lance 
  
Swirl.avi
The movie shows iso surfaces of O2 mass fraction and the 
reacting flow swirling. 
 
Detached Eddy Simulation (DES). Time step 1 ms. 
Movie 3: Swirl
  
FlowTemperature.avi
The movie shows the contours of temperature in the furnace. 
Detached Eddy Simulation (DES). Time step 1 ms. 
Movie 4: Flow Temperature
  
Conclusions
CFD simulations are in good agreement with the theoretical,  experimental 
and numerical results found for the field variables. 
Star-CCM+  is a robust and reliable integrated CFD platform for the 
simulation of a compressible, reacting, non-adiabatic flow field.
Our problem breakdown is suitable for the simulation of the boiler fuelled by 
natural gas  with the MILD burner implementation (74-F3-RI Industia 2015).
Behaviour of the burner feeded with oil can be determined if data from the 
manufacturer is provided (75-F4-RI Industia 2015). 
Numerical functional optimization can be implemented by using in UDF in 
Star-CCm+  (75-F6-RI Industria 2015).
  
Thanks.
Q&A?
